Introduction {#s1}
============

Cholangiocarcinoma (CCA) is a devastating complication of primary sclerosing cholangitis (PSC) that often results in removal from the liver transplant list and death. In half of cases the malignancy is found within a year of PSC diagnosis.[@b1] Early detection of CCA may lead select PSC patients to be included in specialized protocols where chemoradiation precedes and may follow orthotopic liver transplantation (OLT). These protocols have been modestly successful and are reportedly available in about a third of liver transplant centers across the United States.[@b2] This emerging potential for cure highlights the importance of identifying risk factors for or warning signs of concurrent or impending CCA in this patient population.

The aim of this study is to examine the association between increased biochemical liver dysfunction, as evidenced by bilirubinemia and coagulopathy, and the presence of synchronous or subsequently developing CCA in patients with PSC.

Methods {#s2}
=======

Institutional Board Review (IRB) approval was sought and secured prior to the initiation of the project. We did a chart review of all patients diagnosed and treated for PSC at the outpatient Hepatology clinic of The Johns Hopkins Hospital from 1998 to 2012. Primary end points included diagnosis of CCA or OLT with no evidence of malignancy in the explanted liver. First clinic visit was designated as "Day 0" and age, gender, race, alcohol and tobacco consumption, and co-existing diagnosis of inflammatory bowel disease (IBD) were recorded for each patient. Patients with known concurrent viral hepatitis were excluded from the study, as were those with documented biliary instrumentation prior to or fever and leukocytosis on Day 0. Labs obtained on Day 0 included aspartate and alanine aminotransferases (AST, ALT), total bilirubin (TBil), alkaline phosphatase (ALP), international normalized ratio (INR), and serum Ca 19-9 antigen levels. Patients with incomplete data sets were eliminated. Patients that developed CCA beyond 18 months of follow-up were excluded from the study. Included in the control group were only those patients that underwent OLT with no sign of CCA in the explanted liver, the rationale being that explant pathology examination would exclude underlying, subclinical CCA in a PSC patient with reasonable confidence. The final study population consisted of patients who developed CCA within 18 months of Day 0 ("CCA group") and the control group ("nCCA group"). Mean lab values were calculated for each group and student's t-test was implemented to determine the statistical significance of the differences between means. Chi square test was utilized to detect association of smoking, alcohol, and presence of IBD with eventual development of CCA. A derived *p* \< 0.05 was considered statistically significant. Software used for statistical analysis was STATA (by StataCorp LP, College Station, TX, USA).

Results {#s3}
=======

The records of 43 patients with PSC were retrieved from our electronic database. Sixteen patients were diagnosed with CCA at some point during their follow-up; half of these patients (8) developed CCA within 18 months of Day 0, while the other half developed malignancy at a later time in their course, thus excluding them from the study. Twenty-seven patients remained CCA-free as of their last clinic visit, and 21 of them underwent OLT with no evidence of CCA in their explant pathology, over a mean period of 52.9 months. Five of these 21 patients were excluded due to missing laboratory values on Day 0. Patients that met all our criteria formed a final sample size of 24 (eight in the "CCA" group, 16 in the "nCCA" group). Demographic characteristics included predominance of male sex (n = 6 in the "CCA\", n = 13 in the "nCCA" group) and Caucasian race (n = 7 in the "CCA", n = 24 in the "nCCA" group). Patients in the "CCA" group were of significantly older age (48 vs. 36 years, *p* = 0.017) than those in the "nCCA" group. Tobacco and alcohol use were not quantified for each patient, but their presence was identical in the two groups (37.5% and 25% for smoking and alcohol, respectively). Mean follow-up from Day 0 to CCA detection was 7 months for the "CCA" group; mean follow-up until the time of OLT for the "nCCA" group was 60 months (*p* = 0.000). Prevalence of IBD (irrespective of subtype) was documented in five out of eight (62.5%) patients in the "CCA" group and in 12 out of 16 (75%) patients in the "nCCA" group; this difference was not significant (*p* = 0.52). None of the patients of the "CCA" group experienced variceal bleeding, while four of the "nCCA" group had at least one (0% vs 25%, *p* = 0.121). In terms of liver biochemistry, patients of the "CCA" group on Day 0 were found to have significantly more elevated levels of AST (283.7 vs. 87.7, U/L, *p* = 0.034, [Fig. 1](#f01){ref-type="fig"}.), TBil (8.0 vs. 3.2, mg/dl, *p* = 0.042, [Fig. 2](#f02){ref-type="fig"}), and INR (1.17 vs. 1.01, *p* = 0.026) than the "nCCA" group. On the other hand, levels of ALT (185.5 vs. 105.6, U/L, *p* = 0.104), ALP (334.0 vs. 491.3, U/L, *p* = 0.136) or serum Ca 19-9 (347.0 vs. 116.6, U/ml, *p* = 0.126) did not differ significantly between the two groups. [Table 1](#t01){ref-type="table"} features all the demographic and biochemical characteristics for both groups.
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###### Characteristics of "CCA" and "nCCA" groups based on demographic and biochemical data

  Variable                        No CCA      CCA         *p* value
  ------------------------------- ----------- ----------- -----------
  Age (mean, years)               36          48          **0.017**
  Race, White                     16          7           0.148
  Sex, Male                       11          6           0.750
  Follow-up (mean, months)        60          6.7         **0.000**
  IBD                             12          5           0.525
  INR @ Day 0 (mean)              1.01        1.17        0.026
  ALT @ Day 0 (mean, U/L)         105.6       185.5       0.104
  AST @ Day 0 (mean, U/L)         87.7        283.7       **0.034**
  TBil @ Day 0 (mean, mg/dl)      3.2         8.0         **0.042**
  CA 19-9 @ Day 0 (mean, IU/ml)   116.6       347         **0.126**
  ALP @ Day 0 (mean, U/L)         491.3       334         0.136
  Alcohol (no, percentage)        6 (37.5%)   3 (37.5%)   \-
  Tobacco (no, percentage)        4 (25%)     2 (25%)     \-

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; IBD, irritable bowel syndrome; INR, international normalized ratio.

Discussion {#s4}
==========

The incidence of CCA in PSC has been estimated to be up to 1.5% per year.[@b3] Identifying PSC patients susceptible to developing CCA would allow for implementation of timely interventions. To that end, serum and bile markers for CCA have been sought at the molecular level. An increase in the frequency of Tp53, bcl-2, k-ras, and p16-INK4a mutations in CCA tissue as well as in the bile of PSC patients with the malignancy have been demonstrated,[@b4]--[@b6] but mutations such as these characterize the tumorigenesis in a variety of human cancers. Melum et al.[@b7] found single nuclear polymorphisms in the natural killer group 2 member D (NKG2D) cell receptor gene associated with an increased risk for CCA in PSC; the authors noted, however, that the detection of the predisposing alleles as a means to isolate the high-risk patients would yield too many false positives. Elevated serum levels of leucine-rich a2 glucoprotein 1 (LRG1), alone or in combination with interleukin 6 (IL-6) and Ca 19-9, were shown to significantly aid in the discrimination between malignant and benign biliary strictures.[@b8] Bile[@b9] and urine[@b10] proteomic analyses and most recently the detection of extracellular vesicles in the bile and specific arrays of microRNAs within those vesicles[@b11] show promise in distinguishing underlying malignancy from a PSC flare.

The degree of biochemical deterioration, serum Ca 19-9 levels, presence and duration of IBD, alcohol consumption, and smoking have all been suggested as risk factors for the development of CCA in this population, along with a history of colonic dysplasia, cancer, proctocolectomy, and variceal bleeding.

In the largest study of its kind,[@b1] the European Study Group of Primary Sclerosing Cholangitis retrospectively examined the records of 394 consecutive PSC patients, 48 of whom (12.2%) developed CCA, half of them within a year of PSC diagnosis. The latter subgroup was found to contribute to significantly higher levels of serum bilirubin and coagulopathy compared to the majority of PSC patients that did not develop CCA. In an older, but almost equally sizeable Swedish study of 305 PSC patients,[@b12] serum bilirubin at diagnosis of PSC was significantly higher in those who later developed CCA than those who did not. Thus, the available data from high-powered studies confirm our own finding of significantly higher bilirubin levels in the "CCA" group. The aminotransferase levels, however, did not significantly differ between CCA and nonCCA PSC patients in those studies, which is in contrast to our finding of significantly higher AST (but not ALT) levels in the "CCA" group. A very recent study from the University of Hiroshima[@b13] examining the biochemical and cholangiographic characteristics of CCA in PSC and featuring an almost equal sample size (n = 23) corroborated our findings of both significantly higher bilirubinemia and AST transaminitis in CCA patients.

Elevated Ca 19-9 certainly raises suspicion of CCA and often triggers further evaluation with non-invasive (ultrasound, magnetic resonance cholangiopancreatography) and invasive (endoscopic retrograde cholangiopancreatography with biliary brushings, cholangioscopy) modalities. However, it can also occur in acute/recurrent bacterial cholangitis, benign stricturing of the biliary tree, or for other reasons unknown. Some authors consider serum Ca 19-9 a screening tool that is in itself unreliable and only to be used in combination with imaging and/or cytology.[@b14] Sinakos et al.[@b15] showed that patients subsequently proven to have benign strictures presented with initial serum Ca 19-9 values of up to 2000 U/mL (although not exceeding that), and more than a third of all PSC patients with significantly elevated Ca 19-9 did not in fact have CCA. Serum Ca 19-9 levels were found to be significantly elevated in the "CCA" group compared to the controls in the population studied by Ishii et al.[@b13] (47 U/mL vs 7 U/mL, *p* = 0.017), whereas in our study, the difference in marker levels between the two groups, albeit marked, did not attain statistical significance (347 U/mL in the "CCA" vs 116.6 U/mL in the "nCCA" group, *p* = 0.126).

The prevalence of IBD did not differ significantly between PSC patients who did and did not develop CCA in our study or the study by Boberg et al.[@b1] The latter, however, did demonstrate that the duration of IBD for the CCA group was significantly longer. An earlier study by Bergquist et al.,[@b16] albeit one of more limited power, showed no association between duration of IBD and the development of CCA but significant frequency of smoking in the PSC/CCA group. Chalasani et al.[@b17] also found no association between duration of IBD and CCA but none between smoking and CCA either, implicating alcohol consumption instead. In a multivariate analysis by the Mayo Clinic,[@b3] only history of variceal bleeding proved to be a significant risk factor for the development of CCA in PSC patients. In contrast, our population exhibited identical prevalence of tobacco and alcohol use in the two groups. Small size, the comparatively very short follow-up time until the primary end point (CCA), and the poor group survival rates may explain the absence of episodes of variceal bleeding among our "CCA" patients.

The most significant limitation of the present study is the relatively small sample size; which may have contributed to the lack of statistical significance of the difference in mean serum Ca 19-9 between the two groups and the lack of clinically meaningful, albeit statistically significant, difference in coagulopathy, as evidenced by the two groups' mean INRs. A study with a greater sample size may demonstrate a wider gap, thereby linking more strongly biochemical dysfunction and cholangiocarcinoma.

Conclusion {#s5}
==========

In summation, we have demonstrated and confirmed the finding of prior large-scale retrospective studies, which found that PSC patients with co-existing or impending CCA showed greater biochemical liver dysfunction, as demonstrated by significantly more increased total bilirubin and INR levels compared to those who do not develop the malignancy. Levels of AST also appeared to be more elevated in patients who develop CCA, possibly due to a greater degree of cholestasis-mediated liver injury. Amidst the current effort to identify sensitive, specific, accurate, and practical markers to detect CCA in this challenging population and until such markers are found and become widely available, we recommend that PSC patients who present with significant bilirubinemia and coagulopathy are intensely evaluated with all available means to exclude the presence of CCA.
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